#Running title: Zebrafish th2 encodes tryptophan hydroxylase Key words: zebrafish; tyrosine hydroxylase 2; tryptophan hydroxylase; serotonin Background: Zebrafish tyrosine hydroxylase 2 (th2) has been considered as a marker of dopaminergic (DA) neurons in the investigation of DA neuron development and the pathological mechanism of Parkinson's disease. Results: th2 is required for the synthesis of serotonin in vivo and has tryptophan hydroxylase activity in vitro. Conclusion: th2 should be considered as a marker gene of serotonergic neurons. Significance: This result facilitates the elucidation of zebrafish neural circuitry. SUMMARY The primary pathological hallmark of Parkinson's disease (PD) is the profound loss of dopaminergic neurons in the substantia nigra pars compacta. To facilitate the understanding of the underling mechanism of PD, several zebrafish PD models have been generated to recapitulate the characteristic of DA neurons loss. In zebrafish studies, tyrosine hydroxylase 1 (th1) has been frequently used as a molecular marker of DA neurons. However, th1 also labels norepinephrine and epinephrine neurons. Recently, a homologue of th1, named tyrosine hydroxylase 2 (th2) was identified based on the sequence homology and subsequently used as a novel marker of DA neurons. In this study, we present evidence that th2 co-localizes with serotonin (5-HT) in the ventral diencephalon and caudal hypothalamus in zebrafish embryos. In addition, knock-down of th2 reduces the level of serotonin in the corresponding th2 positive neurons. This phenotype can be rescued by both zebrafish th2 and mouse tryptophan hydroxylase 1(Tph1) mRNA, as well as by 5-hydroxytryptophan, the product of tryptophan hydroxylase. Moreover, the purified Th2 protein has the tryptophan hydroxylase activity comparable with the mouse TPH1 protein in vitro. Based on these in vivo and in vitro results, we conclude that th2 is a gene encoding for tryptophan hydroxylase and should be used as a marker gene of serotonergic neurons. Zebrafish th2 encodes tryptophan hydroxylase 2 neural transmitter dopamine have been extensively studied(4). Tyrosine hydroxylase (TH) has been considered and widely used as a molecular marker of dopaminergic neurons, because it is the entry and rate-limiting enzyme of dopamine synthesis. Several mammalian TH antibodies have been raised.
identified based on the sequence homology and subsequently used as a novel marker of DA neurons. In this study, we present evidence that th2 co-localizes with serotonin (5-HT) in the ventral diencephalon and caudal hypothalamus in zebrafish embryos. In addition, knock-down of th2 reduces the level of serotonin in the corresponding th2 positive neurons. This phenotype can be rescued by both zebrafish th2 and mouse tryptophan hydroxylase 1(Tph1) mRNA, as well as by 5-hydroxytryptophan, the product of tryptophan hydroxylase. Moreover, the purified Th2 protein has the tryptophan hydroxylase activity comparable with the mouse TPH1 protein in vitro. Based on these in vivo and in vitro results, we conclude that th2 is a gene encoding for tryptophan hydroxylase and should be used as a marker gene of serotonergic neurons.
Parkinson's disease (PD) is a common neurodegenerative disorder caused by progressive neuronal loss, primarily the degeneration of dopaminergic neurons in the substantia nigra pars compacta (1) (2) (3) . The functions of dopaminergic neurons and the neural transmitter dopamine have been extensively studied (4) . Tyrosine hydroxylase (TH) has been considered and widely used as a molecular marker of dopaminergic neurons, because it is the entry and rate-limiting enzyme of dopamine synthesis. Several mammalian TH antibodies have been raised.
Zebrafish, an established vertebrate model for investigating human diseases, has been increasingly used to study PD (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) . Although the evolutionary distance between human and zebrafish is about 350 million years, the TH antibodies have cross-species immunoreactivity in zebrafish and can label the ascending dopaminergic system, which is considered as the counterpart of human nigro-striatal dopamine system (21, 22) . Although most of the diencephalic neurons project to the spinal cord(23), the alteration of DA neurons located in the posterior tuberculum of diencephalon has been used to as an index marker to study zebrafish PD models (11, (13) (14) (15) (17) (18) (19) (20) 24) .
Two tyrosine hydroxylase genes have been reported in zebrafish. Both genes were cloned based on sequence homology, so they were named tyrosine hydroxylase 1 (th1, Gene ID: 30384) and tyrosine hydroxylase 2 (th2, Gene ID: 414844) respectively(25). Zebrafish th1 is more similar to mammalian th than th2. The pattern of immunostaining of TH antibody largely overlaps with that of whole mount RNA in situ hybridization using the zebrafish th1 antisense RNA probe but not th2, indicating the TH antibody preferentially reacts with zebrafish Th1, not or little with Th2 in embryo(26). Similar results were obtained for three other tyrosine hydroxylase antibodies against mammalian TH protein(27-29). In addition, in the adult zebrafish, other DA neuron markers dopa decarboxylase (ddc, Gene ID: 406651), vesicle monoamine transporter 2 (vmat2, Gene ID: 553304), dopamine transporter (dat, Gene ID: 80787), and dopamine can only be detected in some but not all of th2 positive neurons(28,29). Based on these results, we reasoned that th2 should not be considered as a tyrosine hydroxylase gene merely based on sequence homology. When surveying literature, we noticed that the expression patterns of th2 and the neural transmitter serotonin share striking similarity in diencephalon(30). We therefore initiated experiments to investigate if th2 is involved in 5-HT synthesis.
Here we show that th2 co-localizes with 5-HT in ventral diencephalon and caudal hypothalamus. Knock-down of th2 by mopholino oligos (MO) causes significant reduction of 5-HT in the corresponding th2 positive neurons, which can be rescued by both the mouse tryptophan hydroxylase 1(Tph1, Gene ID: 21990) and the product of tryptophan hydroxylase, 5-hydroxytryptophan (5-HTP). Moreover, the purified zebrafish Th2 protein has the tryptophan hydroxylase activity comparable with the mouse TPH1 protein in vitro. Based on these findings, we suggest that th2 should be considered as a gene encoding tryptophan hydroxylase and used as a marker for serotonergic neurons. The sequence of the splicing MO was 5'GCAGTCACAAAATCACCTACTCTTT3' which targeted the boundary of exon 2 and intron 2-3. The sequence of p53 MO was described by Langheinrich et al. (34) . The MOs were injected at one-cell stage as described by Ren et al. (20) with corresponding doses indicated in the figure legends and Table 1 . For validation of the ATG MO, an EGFP fused with ATG MO target site was generated. The primers used were 5'GGATCCATGAAGTCGG ACAGTATAGCGCAGAATGTGAGCAAGGG CGAGGA3' and 5'CTCGAGTTACTTGTACA GCTCGTCCA3'. This PCR product was cloned into a pCS2+ plasmid. 200 pg of this EGFP fusion construct and/or 1 ng of the ATG MO were injected at one-cell stage. At 6-8 hpf, the expression of GFP was observed under a fluorescent microscope (Zeiss, Oberkochen, Germany). For validation of the splicing MO, at 3 and 4 days post fertilization (dpf), total RNA was extracted with RNAqueous®-4PCR Kit (Ambion, Austin, TX) and cDNAs were generated with PrimeScript™ RT reagent Kit (Takara, Dalian, China). Primers flanking target site were 5' CGGAGACAGCTTCGTGTT3' and 5'GCTCATTAGAAAGGGCATA3'. The PCR products were cloned into a pGEM-T easy vector (Promega, Madison, WI) for sequencing. mRNA synthesis and injection-The cDNA of th1 and th2 were cloned from total RNA of 3 dpf embryos. For the th2 mRNA, 6 base pair mismatch (underlined) in the ATG MO target site was introduced by these primers: 5'ATTTTCGATGAAGTCCGATTCGAT CGCG CAGAATGTTCCG3' and 5'CGGAACATTCTG CGCGATCGAATCGGACTTCATCGAAAAT3' using the template of the pCS2+ vector containing the original th2 cDNA. Mouse Tph1 was cloned from nude BALB/c strain. All of the th1, th2, and mouse Tph1 cDNA were cloned into pCS2+ vetor and mRNA were produced by mMESSAGE mMACHINE® kit (Ambion, Austin, TX) and purified by RNeasy® mini kit (Qiagen, Hilden, Germany). The mRNA was injected alone or after the injection of the MO at corresponding doses as indicated in the figure legends and Table 1 . Chemical treatment-The embryos were dechorionated manually at 24 hpf and arrayed into 6-well plate, 10 embryos per well in Holtfreter's buffer with 0.003% PTU. L-DOPA and 5-HTP (Sigma-Aldrich, St. Louis, MO) were added at 24 hpf with the concentration shown in the figure legends and Table 2 . The solution was replaced at 2 dpf. Tryptophan hydroxylase activity and tyrosine hydroxylase activity-The coding sequence of th1, th2, and mouse Tph1, Th were cloned into pGEX-6p-1 vector. The protein expression and purification procedure essentially followed Yohrling et al (35). The expressed proteins in E.coli were purified by glutathione sepharose beads (GE, Buckinghamshire, UK). A SDS-PAGE followed by a coomassie brilliant blue staining was used to confirm the expression of each protein. After protein quantification by Bradford method, the activity of each protein was measured respectively by a tryptophan hydroxylase activity detection kit and a tyrosine hydroxylase activity detection kit, (Genmed, Shanghai, China) following the instructions of the manufacturer. Whole mount fluorescent in situ hybridization and immunohistochemistry-Primers for th2 probe synthesis were 5'CGGAGACAGCTTCG TGTT3' and 5'GCTCATTAGAAAGGGCATA3'. PCR product was cloned into a pGEM-T easy vector (Promega, Madison, WI). After linearization by SpeI, probe is produced by T7 RNA polymerase (Promega, Madison, WI). The whole mount fluorescent in situ hybridization was performed essentially as described by Brend and Holley (36) and Flinn et al (14) . In the combination with GFP antibody staining, a rabbit anti-GFP antibody (1:500, Proteintech, Chicago, IL) co-incubated with an anti-DIG POD antibody (1:1000, Roche, Basel, Switzerland) at 4°C overnight. After detection of th2 by Cy3 TSA plus system kit (Perkin Elmer, Waltham, MA), an Alexa Fluor® 488 conjugated goat anti-rabbit second antibody (1:200, Invitrogen, Grand Island, NY) was added at 4°C overnight. For 5-HT and GFP co-staining, a rabbit anti-5-HT (1:500, Sigma-Aldrich, St. Louis, MO) and a mouse anti-GFP antibody (1:1000, Invitrogen, Grand Island, NY) co-incubated at 4°C overnight. After washing with blocking solution (1% blocking regeant (Roche, Basel, Switzerland) plus 5% goat serum in PBST), a Cy3 labeled goat anti-rabbit second antibody (1:200, Proteintech, Chicago, IL) and a Alexa Fluor® 488 conjugated goat anti-mouse second antibody (1:200, Invitrogen, Grand Island, NY) were added. Imaging-Pictures of zebrafish embryos were taken with a Zeiss LSM 510 meta confocal microscope (Zeiss, Oberkochen, Germany). The microscopist was single-blinded. The signals of raphe nucleus were intentionally over-exposed to allow detection of all signals in 8b, 9b, and 10b regions in a linear range. The 5-HT level was semi-quantified by the grey level of the signal (regions of interest indicated in Fig. 4A ), and signals in 8b, 9b, and 10b neurons were normalized to the hypothalamic region immediately anterior to the raphe nucleus as internal reference for each image, as shown by a fixed-size oval circle (Fig. 4A arrow) . Pictures were edited with Photoshop CS5 (Adobe systems, San Jose, CA). Statistical analysis-All data had a normal distribution as validated by D'Agostino's test using StatPlus software (AnalystSoft Inc., Vancouver, Canada). All statistical analysis was performed with SPSS (IBM, Armonk, NY). All of the comparisons were performed by one-way ANOVA, followed by a Tukey HSD pairwise comparison post hoc test. Error bars represented +SEM. The number of used embryo was shown in the corresponding figure legends. P value less than 0.05 was considered as significant. All of the experiments were independently replicated at least three times.
EXPERIMENTAL PROCEDURES

RESULTS
5-HT and th2 are co-localized in the ventral diencephalon and caudal hypothalamus-As
reported, 5-HT distributes in almost all brain regions, while in embryos there are three major clusters of 5-HT positive neurons in the diencephalon, which are the ventral part of the posterior tuberculum, the intermediate hypothalamus, and the caudal most aspect of the hypothalamus (30). th2 is expressed in the preoptic region (3b), the anterior part of the paraventricular organ (8b), the intermediate part of the paraventricular organ (9b), and the posterior part of the paraventricular organ (10b) during embryogenesis (17, 26) . In spite of different nomenclature of the neuron clusters, there is striking similarity between the patterns of 5-HT and th2.
Direct co-staining of th2 RNA in situ hybridization (ISH) and 5-HT immunohistochemistry failed, likely due to that 5-HT was a small molecule and the high temperature hybridization step of ISH destroyed its endogenous distribution. Therefore we needed an "intermediate" reference marker to compare the expression patterns of th2 and 5-HT. The candidate marker genes include ddc, vmat2, dat and serotonin transporter. In embryos, dat and serotonin transporter have not been found to express in these regions, although dat is expressed at hypothalamus in adult(28). ddc is expressed in the th2 positive areas in adult(27-29,37) but its expression in embryos is restricted to the caudal tuberculum dopaminergic neuron and hindbrain raphe nucleus (14) , where th2 is not expressed. In contrast, vmat2 is expressed in the diencephalon with a similar pattern of both th2 and 5-HT (17, 26, 30, 31) . We therefore selected that vmat2 as the marker gene to determine co-localization of th2 and 5-HT. To circumvent the difficulty of direct co-staining of ISH and 5-HT immunohistochemistry, we used an ETvmat2:GFP transgenic line in which vmat2 positive neurons are labeled with GFP(31). We performed immunohistochemistry detection of GFP, avoiding the loss of 5-HT caused by high temperature, so the expression of GFP could serve as an intermediate reference marker to examine whether th2 and 5-HT co-localize.
We found th2 was expressed in diencephalon from 24 hpf onward (Figs. 1B, 1C) , preceding the expression of GFP and the appearance of 5-HT before 60 hpf (Figs. 1Q, 1R) . At 72 hpf, three pairs of GFP immunoreactive (GFPir) neurons appeared in neural clusters of paraventricular organ (Pa), intermediate hypothalamus neural cluster (Hi), and caudal hypothalamus neural cluster (Hc), as described previously(31), which were co-localized with 5-HT. (Figs. 1S, 1V , 1W, and 1X). Except for 3b cluster, th2 positive neural clusters of 8b, 9b, and 10b co-localized with GFPir clusters of Pa, Hi, and Hc, respectively (Figs. 1S, 1T, and 1U). Therefore, th2 and 5-HT were co-localized at the ventral diencephalon and the caudal hypothalamus.
Knock-down of th2 decreased the level of 5-HT in the corresponding neurons-To
functionally test if th2 encoded an enzyme involved in 5-HT synthesis as a tryptophan hydroxylase, we first did a loss of function analysis of th2 by morpholino antisense oligos (MO). We designed two MOs, one splicing MO and one ATG MO ( Table 1 ). The splicing MO targeted the boundary of exon2 and intron2-3 and caused either an insertion of intron2-3 or an insertion of both intron2-3 and intrion3-4. Both of these two splice variants would generate a truncated protein product putatively (Fig. 2A) . The ATG MO blocked the translation of MO-target site-EGFP fusion protein with high efficacy (Fig. 2B) . To avoid the non-specific apoptosis effect of the ATG MO(38), a p53 MO was co-injected. Injection of p53 MO by itself did not cause decrease of 5-HT in 8b, 9b, and 10b th2 positive neurons (Fig. 3) . In the morphant groups of both MOs, there was obvious reduction of the level of 5-HT in 8b, 9b, and 10b th2 positive neurons (Fig. 4B) . To be concise, the result of splicing MO is not shown. Meanwhile, there was no obvious decrease of 5-HT in all the other regions of the brain, for example, the epiphysis (data not shown) and the raphe nucleus (Figs. 4B to 4H ). This result also indicated that the reduction of 5-HT caused by knock-down of th2 was specific. Moreover, we found that the vmat2 positive (GFPir) neurons in 8b, 9b, and 10b clusters were not affected, although the level of 5-HT decreased obviously (Fig. 5 ). This result excluded the possibility that the reduction of 5-HT was due to the loss of neurons. 5-HT immunoreactivity was evaluated in 8b, 9b, and 10b neurons using a semi-quantitative method based on measurement of pixel grayscale values in regions of interest on confocal images. This showed approximately 50% decreases in 5-HT immunoreactivity in both ATG MO and splicing MO groups (P=0.001, 0.001, respectively; n=20. Fig.4F ), suggesting that th2 was indeed involved in the synthesis of 5-HT in vivo.
Mouse Tph1 mRNA and 5-HTP rescued the reduction of 5-HT-To rescue the reduction of 5-HT in 8b, 9b, and 10b clusters, injection of mRNA of th1, th2 and mouse Tph1 were performed. We found that mRNA of the zebrafish th2 and mouse Tph1 could rescue, at least partially, the reduction of 5-HT to the level of higher than 70% of wild type (P=0.005, 0.01, 0.006, 0.001, respectively; n=20), but the mRNA of th1 could not (P=0.47, 0.27, respectively; n=20) (Figs. 4C, 4F, 4G, 4H ). This result indicated that th2 had the same function of mouse Tph1, which was a tryptophan hydroxylase.
We also used the product of tryptophan hydroxylase, 5-hydroxytryptophan (5-HTP), and the product of tyrosine hydroxylase, L-3, 4-dihydroxyphenylalanine (L-DOPA), to rescue the reduction of 5-HT. We found that 5-HTP could partially rescue the reduction of 5-HT in both ATG MO and splicing MO groups (P=0.001, 0.013, respectively; n=20), but L-DOPA could not (P=0.92, 0.43, respectively; n=20) (Figs. 4D, 4E, and 4F ). This result indicated the reduction of the 5-HT was due to the decrease of the supply of 5-HTP.
Th2 had tryptophan hydroxylase activity, not tyrosine hydroxylase activity, in vitro-
To test their tryptophan hydroxylase activity, Th2, Th1, and mouse TPH1 fused with glutathione-S-transferase (GST) tag were expressed in E. coli. All of these proteins were successfully expressed (Fig. 6A) . With purified proteins, a commercial tryptophan hydroxylase detection kit from Genmed was used, in which tryptophan was the only substrate, thus it could specifically measured tryptophan hydroxylase activity. We found that purified Th2 had a tryptophan hydroxylase activity of 14.4±1.14 nM 5-HTP/min/mg, which was comparable with that of mouse TPH1 (17.6±1.445-HTP/min/mg, P=0.554) (Fig. 6B) . Both of them were more than one order of magnitude higher than that of the input control GST (0.58±0.63 nM 5-HTP/min/mg, P=0.002, 0.000, respectively). In contrast, Th1 (0.13±0.32 nM 5-HTP/min/mg) did not have tryptophan hydroxylase activity, which was not significant with that of GST (P=0.998). These results indicated that Th2 had tryptophan hydroxylase activity in vitro, which was comparable with that of mouse TPH1.
To test whether Th2 has a tyrosine hydroxylase activity, we used a commercial tyrosine hydroxylase detection kit that was also from Genmed. The tyrosine hydroxylase activity of the each protein above was measured using mouse TH as a positive control. We found that Th2 did not have tyrosine hydroxylase activity (1±0.8 pM L-DOPA/min/ mg) (Figs. 6C, 6D ). In contrast, Th1 had a tyrosine hydroxylase of 65±4.9 pM L-DOPA/min/mg, which was comparable with the activity of mouse TH (61±5.6, P=0.464) (Fig. 6D) . These results showed that Th1 had tyrosine hydroxylase activity but Th2 did not.
In summary, based on both in vivo and in vitro results, we concluded that zebrfish th2 encoded a tryptophan hydroxylase and should be used as a marker gene of serotonergic neurons.
DISCUSSION
The zebrafish th2 was thought to originate from gene duplication of th. The th2 sequence is approximately 60% identical to mammalian TH sequence, and 47% identical to the phenylalanine hydroxylase (pah) and tph sequences (25). Given that this duplication occurred far beyond teleost-specific third round whole genome duplication(28) and that teleost th2 has twice the rate of nucleotide substitution than th1(25), there is a possibility that th2 has evolved and preserved by neofunctionalisation(25,39). Both of our in vivo and in vitro evidences support th2 obtains a novel tryptophan hydroxylase function.
Neuromodulatory DA neurons are destined to express th, ddc, dat, and vmat, and contain dopamine. In adult zebrafish brain, the expression pattern of these markers are not homogeneous, because dopamine immunoreactive (DAir) signal is weak in the olfactory bulb, telencephalon, pretectum, and preoptic nuclei, where high THir can be detected; in contrast, high level of DAir with low level of ddc can be detected in paraventricular organ (29). To avoid this complexity, we use zebrafish embryo in which the central nervous system is simpler than in the adult to investigate the relationship of th2, vmat2, and serotonin. We find that in embryo, th2 co-localizes with 5-HT except in the 3b cluster in preoptic region. Similarly, in adult, high level of th2 can be detected in the preoptic region(29), but no or very low level of 5-HT can be detected in the 3b cluster, as described by Kaslin and Panula(37) . One possibility is that these th2 positive neurons are immature and thus cannot synthesize the neurotransmitter. If so, why these immature neurons are kept not only in the embryo but also in the adult need be further investigated.
Although many cells contain 5-HT without synthesizing it, 5-HT is used as a marker to identify 5-HT neurons in zebrafish (6, 12, 30, 37, 40) . tph can be used as a specific marker for 5-HT producing neurons (41) . In zebrafish, three genes coding for tph have been identified and designated as tph1a, tph1b, and tph2, respectively. Among them, tph1a expresses in epiphysis between 30 hpf and 5 dpf(42), tph1b only expresses temporally from 10 to 16 hpf in posterior axis(42) and transiently in preoptic nucleus from 22 to 32 hpf (43) , and tph2 expresses in the epiphysis and the raphe nucleus from 24 hpf to 5 dpf (44) . None of them expresses at the diencephalic 5-HT neurons. Our finding that th2 co-localizes with these 5-HT neurons and is responsible for the synthesis of 5-HT both in vivo and in vitro supports that these diencephalic 5-HT neurons are 5-HT producing neurons. As a tryptophan hydroxylase and thus a 5-HT neuron marker, th2 needs to be re-designated. Considering that th2 originates from the duplication of th, which is distinct from the other three tph genes (Fig. 7) (25) , we suggest to rename th2 as tph3.
In respect of neuronal development, the ventral diencephalic DA neurons and 5-HT neurons share a common transcriptional regulator, Spt5, whose mutation called foggy. Foggy exhibits reduction of DA neurons and a corresponding surplus of 5-HT neurons in the ventral diencephalon of zebrafish (6) . According to our findings, these 5-HT neurons are th2 positive neurons, and thus not only contain 5-HT, but also produce it. Recently, a neurotrophic factor, called mesencephalic astrocyte derived neurotrophic factor (MANF) is found to be able to affect the expression of both th1 and th2 (45) . This result indicates that DA and 5-HT neurons share a common neurotrophic factor. In respect of PD-like model in zebrafish, knock-down of PTEN-induced putative kinase (pink1), whose mutation in human can cause early-onset PD(46), generates a reduction of th1 and th2 positive neurons in the ventral diencephalon, with a more severe decrease of th2 than th1 (17) . Based on our findings, this result suggests that th2 positive 5-HT neurons are affected in pink1-knock-down PD-like model. In human PD, 5-HT neurons loss is found (47) . Our finding implies that zebrafish model of PD can exhibits loss of both DA neurons and 5-HT neurons.
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Ren, G., Xin, S., Li, S., Zhong, H., and Lin, S. Wen, L., Wei, W., Gu, W., Huang, P., Ren, X., Zhang, Z., Zhu, Z., Lin, S., and Zhang, B. Lower panel, GST expression of each group near the molecular weight of 25 kDa; B, tryptophan hydroxylase activity of GST, Th1, Th2, and mouse TPH1. There are no differences between GST and Th1 group (P=0.998) or between Th2 and mouse TPH1 group (P=0.554). In contrast, the activities of Th2 and mouse TPH1 are more than one order magnitude higher than that of GST (P=0.002, 0.000, respectively); C, coomassie brilliant blue staining after protein purification shows Th1, Th2 and mouse TH were expressed successfully (compare with GST lane). Upper panel, Th1, Th2, and mouse TH tagged with GST. Lower panel, GST expression of each group near the molecular weight of 25 kDa; D, tyrosine hydroxylase activity of GST, Th1, Th2, and mouse TH. The tyrosine activity of Th1 and mouse TH are 65±4.9 and 61±5.6 pM L-DOPA/min/mg, respectively. There are no differences between GST and Th2 group (P=0.954) or between Th2 and mouse TH group (P=0.464). Error bar= + SEM.
Figure 7.
Similarity dendrogram of zebrafish th1, th2, pah and tph cluster genes using MEGA program. Based on sequence homology, th1 and th2 clustered in one group. Meanwhile, the distance between th1 and tph cluster genes is similar with that of th2. pah is used as a outside group. 
